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AXIAL COOLING TUBES PROVIDED WITH CLAMPING MEANS 
TECHNICAL FIELD: 

The present invention relates to rotating electric machines such as 
synchronous machines. Such machines can be used as generators for 
connection to the distribution or transmission power network, hereafter 
called power network. The invention also comprises double-fed machines, 
applications in asynchronous static current converter cascades, outer pole ' 
machines and synchronous flux machines, as well as alternating current 
machines. The invention relates particularly to a clamping means and 
with the clamping means combined cooling system of such machines. 

BACKGROUND ART: 

High-voltage rotating electric machines can be 

designed for voltages up to 36 kV. This has normally been considered to 
be an upper limit. In the case of generators, this means that a generator 
must be connected to the power network via a transformer which steps up 
the voltage to the level of the power network. The voltage of a power 
network can be in the range of 13CM00 kV, but even power networks up 
20 to 800 kV exist. 
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In order to explain and describe the invention a short explanation of a 
rotating electric machine exemplified by a synchronous machine will be 
given. The explanation concern basically the magnetic circuit in such a 
machine and how it is classically built. Since the magnetic circuit as 
referred to in most cases is in the stator the magnetic circuit here referred 
to is called a stator comprising laminated sheets which winding is called 
stator winding and that the slots for the winding in the laminated sheets is 
called stator slots or simply slots. 

Most synchronous machines have a field winding in the rotor, where the 
main flux is generated by direct current, and an alternating current 
winding in the stator. 

The stator frame in large sized synchronous machines is often a welded 
construction. The laminated core is usually built from varnished 0,35 or 
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°tTZTT ic T el Th : sheets are manufa ctured m se ~ d *»» or 

ring form depending on the size of the machine. The sheets are in lamer 
machines punched in segments which are attached to the stator frame 
w.th wedges/dovetails. The laminated core is kept together with pressure 
fingers and pressure rings. 

For cooling the windings of the synchronous machine there exist three 
different types of cooling systems. In air-cooling, the winding of the stator 
as well as the winding of the rotor is cooled by air flowing through the 
windmgs. Air-cooling ducts are arranged in the laminated sheets of the 
stator as well as in the rotor. In radial ventilation and cooling by air the 
larronated core is, at least for medium sized and large sized machines 
divided m packets comprising radial and axial ventilation ducts disposed 
m the core. The cooling air can be ambient air but at powers above 1 MW 
mainly a closed cooling system with a heat exchanger is used. Hydrogen 
coolmg is normally used in large turbo-generators and in large 
synchronous compensators. The cooling method works in the same way as 
m air-cooling with a heat exchanger, but instead of air as cooling medium 
hydrogen is used. Hydrogen has better cooling capabilities than air, but 
difficulties arise at sealings and to detect leakage. In turbo-generators of 
power range 500 - 1000 MW it is also known to use water cooling of the 
winding of the stator as well as of the winding of the rotor. The cooling 
ducts are made as tubes placed inside conductors in the winding of the 
stator. A problem in large machines is that the cooling tends to become 
non-uniform and that temperature variations arise in the machine. 

The stator winding is located in slots in the sheet iron core, the slots 
normally having a rectangular or trapezoidal cross section. Each winding 
phase comprises a number of coil groups connected in series and each coil 
group comprises a number of coils connected in series. The different parts 
of the coil are designated coil side for the part which is placed in the stator 
and end winding for that part which is located outside the stator. A coil 
comprises one or more conductors brought together in height and/or 
width. 
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Between each conductor there is a thin insulation, for example epoxy/glass 
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The coil is insulated from the slot with a coil insulation, that is, an 
insulation intended to withstand the rated voltage of the machine to earth. 
As insulating material, various plastic, varnish and glass fibre materials 
may be used. Usually, so-called mica tape is used, which is a mixture of 
mica and h.ard plastic, especially produced to provide resistance to partial 
discharges, which can rapidly break down the insulation. The insulation is 
applied to the coil by winding the mica tape around the coil in several 
layers. The insulation is impregnated, and then the coil side is painted 
with a graphite-based paint to improve the contact with the surrounding 
stator which is connected to earth potential The cross-sectional area of the 
windings is determined by actual current density and by the method of 
cooling. Conductor and coil is usually arranged with a rectangular shape 
m order to maximize the amount of conductor material in the track. A 
typical coil is formed by so called Roebel-bars, where some of the 
conductors can be made hollow for cooling medium. A Roebel-bar 
contains several rectangular, copper conductors connected in parallel, 
which are transposed 360 degrees along the slot. Known are also annular 
bars with 540 degrees transpositions. The transpositions are performed in 
order to avoid the development of circulating currents in the cross-section 
of the conductor material as seen from the magnetic field. 

Due to mechanical and electrical reasons there are certain upper limits 
which a machine cannot exceed. The power of the machine is determined 
mainly by three factors: 

The cross-sectional area of the windings. At normal working 
temperature copper has a maximum value of 3-3,5 A /mm 3 . 

Maximum magnetic flux density in the material of the stator 
and the rotor. 

Maximum electric-field strength in the insulating material, the 
so-called dielectric strength. 
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It is considered that coils for rotating generators can be manufactured 
with good results within a voltage range of 3 - 25 kV. 



WO 97/45916 

PCT/SE97/00895 



15 



20 



25 



30 



35 



designed by Parson 19 29 was man d {or 3 ™ ' . * h"" * 
< generator In Langerbrugge Belaurn wh h . """^ 3 

***** the artfcle -^rcntTpSr,,; VOlt3ge " ^ k " 
voltage levels still further the develonmT of ""easing 

upon which ^se eBm ^^^T' ™ d * - -cepts 
«- shortcomings o f the li^sX ^ ^ ™" b — of 

In a report from the Electric Power Research Institute EPRI EL „ 91 k 

-ec n ™ 

-eloped a, tL time. ^ 
superconducting field windmeenablP* th* f • Uyortne 

protothTo: d:r CePt deemed m ° Sl Pr ° miSinS to «« 

project hat o designing a magnetic circuit with winding, known as 

monohthe cylinder armature", a concept in which two cylindeTo, 
conductors are enclosed in three cylinders of msuiation L the whole 
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sealed in order to prevent the liquid dielectric medium from absorbing 
moisture from the atmosphere. 

Certain attempts at a new approach as regards the design of synchronous 
machines are described, inter alia, in an article entitled "Water-and-oil- 
cooledTmbogeneratortVM-SOO-mJ.Elekrrotechnik^No. 1,1970 pp 6- 
8, in US 4,429,244 "Stater of Generator" and in Russian patent document 
f CCCP Patent 955369. 
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The water- and oil-cooled synchronous machine described in J 
Elektrotechnika is intended for voltages up to 20 kV. The article describes 
a new insulation system consisting of oil/ pap er insulation, which makes it 
possible to immerse the stator completely in oil. The oil can then be used 
as a coolant while at the same time using it as insulation. To prevent oil in 
the stator from leaking out towards the rotor, a dielectric oil-separating 
ring is provided at the internal surface of the core. The stator winding is 
made from conductors with an oval hollow shape provided with oil and 
paper insulation. The coil sides with their insulation are secured to the 
slots made with rectangular cross section by means of wedges. As coolant 
oil is used both in the hollow conductors and in holes in the stator walls ' 
Such cooling systems, however, entail a large number of connections of 
both oil and electricity at the coil ends. The thick insulation also entails an 
increased radius of curvature of the conductors, which in turn results in 
an increased size of the winding overhang. 

The above-mentioned US patent relates to the stator part of a synchronous 
machine which comprises a magnetic core of laminated sheet with 
trapezoidal slots for the stator winding. The slots are tapered since the 
need of insulation of the stator winding is less towards the interior of the 
rotor where that part of the winding which is located nearest the neutral 
point is disposed. In addition, the stator part comprises a dielectric oil- 
separating cylinder nearest the inner surface of the core which may 
increase the magnetization requirement relative to a machine without this 
nng. The stator winding is made of oil-immersed cables with the same 
diameter for each coil layer. The layers are separated from each other by 
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means of spacers in the slots and secured by wedges. What is special 
regardmg the winding is that it comprises two so-called half-wLdines 
connected in series. One of the two half-windmgs is located, cL*ed " 
ms.de » Nation sleeve. The conductors of the stator winding^ 
cooled by surrounding oil. The disadvantages with such a large qulity 
of ou xn the system are the risk of leakage and the considerable a^tlf 
cleanmg work which may result from a fault condition. Those pal Tth e 

LTa ^ ^ Z^. ^ ^ ° UtSide ** **> ^ * 
part and a corneal terrrunahon reinforced with current-carrying layers the 

duty o wluch is to control the electric field strength in the regL whe re 

the cable enters the end winding. 6 

From CCCP 955369 it is clear, in another attempt to raise the rated voltage 
of the synchronous machine, that the oil-cooled stator winding comprises 
a conventional high-voltage cable with the same dimension for all L 
layers. The cable is placed in stator slots formed as circular, radially 
deposed openings corresponding to the cross-section area of the cable and 
*e necessary space for fixing and for coolant. The different radially 
disposed layers of the winding are surrounded by and fixed in insulated 
tubes. Insulaung spacers fix the tubes in the stator slot. Because of the oil 
■coohng, an internal dielectric ring is also needed here for sealing the 
coolant against the internal air gap. The design shown has no tapering of 
the insulation or of the stator slots. The design exhibits a very narrow 
radral waist between the different stator slots, which means a large slot 

faflu ~ - ^uirement 

In US 4,208,597 an improved cooling is provided for the end region of a 
stator core of a large dynamoelectnc machine showing an improved 
venhlation plate which can be used in direct contact with the finger plate 
at the end of the stator core to provide cooling and mechanical sfabiHty in 

ctr e o d r r d7T f us 4 ' 745 - 314 shows a iiquid - c °° ied ™ t0r ^ 

cooled hquid ducts formed in the laminated core of the stator This 
improves the leakproof performance of the coolant ducts of such a liquid- 
cooled motor. US 5,3*5,132 shows an improved cooling arrangement for a 
dynamoelectnc machine of the type having a plurality of stacked 
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laminations forming a stator core. The arrangement is further showing a 
plurality of cooling air ducts formed in the lamination adjacent a radially 
outer termination of at least some of the winding slots. EP 0684682 shows 
a rotating electrical machine with openings in its stator teeth occupying a 
substantial part of the surface area of each tooth so that the stator 
windings have only a short thermal path to axial cooling ducts created by 
the openings. J 
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OBJECT OF THE INVENTION: 

The object of the present invention is to mechanically connect layers of the 
sheets of the stator so that the packets of layers defining the stator core 
will not be exposed to vibrations under working conditions The 
connection will also be made so that the mechanical properties of the core 
is intact 

An other object of the invention is to combine the connection of the sheets 
mto packet of layers with cooling of the core. 

A condition for the invention is that the rotating electric machine should 
shows a complete new design. This new design involves construction of 
the rotating electric machine in a way so that its alternating current 
winding comprises at least one conductor, around which a solid isolation 
comprising a semiconducting layer near the conductor and an outer 
semiconducting layer around the insulator. 

A rotating electric machine as presented shows many advantages and can 
be designed for direct connection to a power network without a 
transformer therebetween. 

The connection of the laminated sheets is done by axial clamping means 
which are electrically insulated from the layers of laminated sheets. The 
insulation can be made by coating the clamping means with an outer 
insulating layer or by manufacturing the clamping means of insulation 
material. The clamping means are pulled through axial holes in the stator 
teeth and also through holes in the connecting part of the stator, the so- 
called stator yoke if necessary. 
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SUMMARY OF THE INVENTION: 

The present invention relates to an arrangement for cooling and a 
clamping means combined with the rool m 8 3 

compression of f ho « ■ * g arran g emen ^ which enable 

compression of the laminations in the stator stack with the aid of r 
tubes arranged axially in the stator. d ° f COOlmg 

The arrangement comprises axi ally-running tubes, electrically insulated 
which are drawn through axial apertures through the stator teeT^e 
tubes are permanently glued in the apertures to ensure good co^W 
capacity when coolant is circulated in the tube* The tub!, & 

According to a particularly preferred embodunent of the invention at 

^^::zzz^:^ The decisive 

, «=ici.i a/ cracKs or the like are avoided at 

thermal movement in the winding. 

BRIEF DESCRIPTION OF THE DRAWINGS- 

^invention will be described in more detail with reference to the 
accompanying drawings. 

Jig^ shows schematically a perspective view of a section taken 
chametricaUy through the stator of a rotating electrical 

machine. 

Kgure^ shows a cross-sectional view of a high-voltage cable according 

to the present invention 6 

Wet St" SChematiCally of « rotating electric machine, 

Figure _4_ shows a sector of a stator according to Figure 3 

ftgure 5_ shows section along the line A-A in Figure 4 with a clamping 
means having axial cooling tubes in accordance with the 
present invention. 

Figure ^ sho one Sector Qf ^ sta(or . n a rotatag eiectifc machfae 

with cooling tubes and bolts drawn in. 
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Figure 7_ shows a radial section B-B through Figure 6 with a clamping 
device with bolts according to the present invention 

Figure shows another radial section with axially running cooling-tube 
loops and a clamping device according to the invention. 

DESCRIPTION OF THE INVENTION: 

Figure 1 shows a part of an electric machine in which the rotor has been 
removed to-show more clearly the arrangement of a stator 1. The main 
parts of the stator 1 constitute a stator frame 2, a stator core 3 comprising 
stator teeth 4 and a stator yoke 5. The stator also comprises a stator 
wmding 6 composed of high-voltage cable situated in a space 7 shaped 
like a bicycle chain, see Figure 3, formed between each individual stator 
tooth 4. In Figure 3 the stator winding 6 is only indicated by its electric 
conductors. As can be seen in Figure 1, the stator winding 6 forms an end- 
winding package 8 on both sides of the stator 1. It is also clear from Figure 
3 that the high-voltage cable has several dimensions, arranged in groups 
depending on the radial position of the cables in the stator 1. 

In large machines each stack of laminations is formed by fitting punched 
segments 9 of suitable size together to form a first layer, after which each 

„ subsequent layer is placed at right angles to produce a complete plate- 
shaped part of a stator core 3. The parts are held together by pressure legs 

v 10 pressing against pressure rings, fingers or segments. 

Figure 2 shows a cross-sectional view of a high-voltage cable 11 according 
to the invention. The high-voltage cable 11 comprises a number of strands 
12 of copper (Cu), for instance, having circular cross section. These strands 
12 are arranged in the middle of the high-voltage cable 11. Around the 
strands 12 is a first semiconducting layer 13, and around the first 
semiconducting layer 13 is an insulating layer 14, e.g. crosslinked 
polyethylene (XLPE) insulation. Around the insulating layer 14 is a 
second semiconducting layer 15. Thus the concept "high-voltage cable" in 
the present application does not include the outer protective sheath that 
normally surrounds such cables for power distribution. 
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Figure 3 shows schematicaUy a radial sectM of a m 

9 of the state, 1 and with a rotor pole 16 on the rotor 17 of the madTe 1 
can also be seen that the stater wrnding 6 is arranged in the spaced 
^ resembhng a b.cycle chain, formed between each stator tooth 4. 

Figure 4 shows an outermost tooth sector 18 comprising six stator teeth 4 
four of whrch „ the figure are provided with a pressure finger 19 
ex.end.ng from the stator yoke 5 in towards the tip 20 of the stator tooth. 

The : tooth heigh, is defined as the radial distance from the tip 20 of a tooth 
to he outer end 21 of the space 7 resembling a bicycle chain The length 

he ^ 6qUiValent '° * e ,0 ° ,h *e 

he,ght rsdehned as the radia! drstance from the outer end 21 of the space 

7 esembung a bicycle chain, to the outer edge 22 of the stator core This 
latter distance denotes the width of an outer yoke portion 23. 

In a high-voltage rotating electric machine of the type described above at 
, leas, one stator tooth 4 is provided according to the present invention see 
Figure 4, with a, least one axially-running cooling tube 24 connected to a 
coohng circuit 25 in which coolant is arranged to circulate. To achieve 
efficient cooling, cooling tubes are preferably arranged in every stator 
tooth. According to the embodiment of the invention shown in Figure 4 
four coolmg tubes are arranged to run axially through the actual tooth 
whereas another two cooling tubes are arranged to run axially through the 
outer yoke portion 23 of the sector shown. Ail cooling tubes in the figure 
shown are also radial aligned. 

Each cooling tube 24 is electrically insulated and provided with an 
msulahng layer, not shown, in order to avoid contact with the metal in the 
stator tooth 4 or in the outer yoke portion 23. A thermally conducting glue 
may alternatively be used for attachment. 

Figure 5 shows a clamping means according to one embodiment of the 
mvenuon in which the cooling tube 24 extends out through a stator 3 built 
up of segments 9. The tube is provided with an insulating layer 26 
possibly combined with a filling to increase thermal conductivity The 
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cooling tube 24 is provided at its end with a tapped end portion 27 onto 
which a nut 28 can be screwed. The end portion 27 extends through the 
pressure finger 19. The end part is also provided with an insulating 
washer 29 to insulate it from the stator core 3 and the pressure finger 19 
The end part is also provided with a tube connection 30 to connect the end 
portion with a connection cooling tube 31 connected to the cooling circuit 
25, for instance. 

By tightening the nut 28 against the insulating washer 29 and the pressure 
finger 19, an axial compressive force is achieved in the cooling tube 24 
which is drawn towards a counter-support on the other side of the stator 
or another clamping means of the same type. Alternatively clamping can' 
be effected against a shoulder 32 secured to the cooling tube 24 Pressure 
fingers 19 are also provided at this second side. Here, too, pressure fingers 
and cooling tubes are of course insulated here, too, from the stator core by 
suitably shaped washers 33, etc. 

Thus by using an axial cooling tube as a pulling tube, further clamping 
means for axially compressing the stator core can be eliminated. 

The invention is not limited to the embodiments shown but is defined by 
the appended claims. Thus types of clamping means other than screw 
joints may be used, such as wedge or spring means, etc. 

Figure 6 shows like in figure 4 an outermost tooth sector 118 comprising 
six stator teeth 104, four of which in the figure are provided with a 
pressure finger 119 extending from the stator yoke 105 in towards the tip 
120 of the stator tooth. 

The tooth height is defined as the radial distance from the tip 120 of a 
tooth to the outer end 121 of the space 107 resembling a bicycle chain. The 
length of a stator tooth is thus equivalent to the tooth height. Furthermore 
the yoke height is defined as the radial distance from the outer end 121 of 
the space 107 resembling a bicycle chain, to the outer edge 122 of the stator 
core. This latter distance denotes the width of an outer yoke portion 123 
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M a high-voltage rotating electric machine of the type described above at 
least one stator tooth 104 is provided according to the present invention 
see Figure 6, with at least one axially-running cooling tube 124 connected 
to a coohng circuit 125 in which coolant is arranged to circulate To 
achieve efficient cooling, cooling tubes are preferably arranged in every 
stator tooth. According to the embodiment of the invention shown in 
Figure 6 four cooling tubes are arranged to run axially through the actual 
tooth, whereas one more cooling tube is arranged to run axially through 
the outer yoke portion 123 of the sector shown. All cooling tubes in the 
hgure shown are also radially aligned. Each cooling tube 124 is electrically 
msukted and provided with an bating layer, not shown, in order to 
avoid contact with the metal in the stator tooth 104 or in the outer yoke 
portion 123. A thermally conducting glue may alternatively be used for 
attachment. 

The Figure also shows how a clamping device is placed between the 
cooling tubes as a first possible embodiment, and between the windings as 
a second possible embodiment. Figure 7 shows a clamping device 
according to one embodiment of the invention in which one or more axial 
clamping devices are placed between each cooling tube 124 according to 
one embodiment of the invention, see also Figure 6, in the magnetic 
material in the form of either insulated metal bolts or glass fibre bolts 
wruch are insulating per se. The clamping device 126 is provided at both 
ends with an end portion 127, preferably threaded, onto which a nut 128 
can be screwed. The end portion 127 extends through the pressure finger 
119. The end part is also provided with spring means 129, shown in the 
Figure as a plate spring, to take up axial fluctuations in the stator 1 caused 
by temperature. Some form of spring means is required to take up 
longitudinal expansion caused by heat transfer, which the pre-stressW is 
unable to deal with. The stator shall be permanently axially pre-stressed. 

By tightening the end part with a nut 128, for instance, towards the sprin, 
means 129 and the pressure finger 119, an axial compressive force is 
achieved in the clamping device 126 which is drawn towards a counter- 
support or a similar tension device on the other side of the stator Here 
too, pressure fingers and cooling tubes are of course insulated from the' 



W ° 97/45916 PCT/SE97/00895 

13 



stator core by suitably shaped washers , etc., not shown. In another 
advantageous embodiment, the clamping device 126 is disposed in the 
space 107 (slot) shaped like a bicycle chain, see Figure 7, in the space 
between the stator windings 106, i.e. outside the magnetic material. 

Figure 8 shows a clamping device 126 in a radial section through a stator 
tooth, together with the cooling tubes 124 running axially to and fro 
Together with the clamping device, a clamping yoke 130 provided with 
axially operating pressure fingers 131 effects an axial force compressing 
10 the stack of laminations. 



The invention is not limited to the embodiments shown but is defined by 
the appended claims. Cooling tubes and clamping devices need not be 
radially aligned, for instance but their placing in tangential direction may 

15 vary instead. 



